Chloroplasts isolated from Populus deltoides leaves were used to study age-dependent changes in the rate of cyclic photophosphorylation. Single leaves were used to measure C02 fixation by leaf discs, chlorophyll concentration, and ATP synthesis. The ability of chloroplasts to synthesize ATP diminished steadily from the time of full leaf expansion, regardless whether the results are expressed on a leaf area or chlorophyll basis. This decline in the rates of ATP synthesis was paralleled by the decline in the rate of C02 fixation. The results suggest that the efficiency of the membrane-bound ATP synthesizing system declines with age.
Photosynthetic and respiratory rates vary with leaf age (8, 13, 14, 22, 23, 26) . In leaves of dicotyledon plants after an initial rise (3), the photosynthetic capacity gradually declines after leaf expansion (6, 16, 19, 20) . This decline in CO. assimilation with age is parallel to a decrease in RNA, protein, and DNA contents of leaves (27) . Molish (14) observed during yellowing of leaves the disappearance of chlorophyll and protein, the disorganization of the chloroplast structure, and the appearance of fat droplets. He found that leaves in a very advanced stage of senescence were unable to fix CO2 and suggested a correlation between structure and function in the chloroplast. Fine structure changes of senescing leaves have been studied in several plants (11, 21) . Senescence of birch tree leaves was associated with a change in shape and volume of chloroplasts in addition to an increase in the number of lipid globules (4) .
Nearly all the studies of the relationship between photosynthesis and leaf age have been conducted with intact leaves or leaf extracts. However, Smillie (Fig. 1) .
The rate of CO. assimilation declined steadily from the time of full leaf expansion (Fig. 2) . This decline in CO2 fixation rate began some 20 days before there was any significant decrease in the chlorophyll content of the leaf.
Cyclic ATP synthesis on an area basis (Fig. 3) (Fig. 4) .
Young chloroplasts, usually lens-shaped, had an average length of 3 to 3.5 u (Fig. 5) . Each chloroplast was surrounded by a double membrane and contained well organized grana thylakoids. In glutaraldehyde-OsO fixation, lipid globules were observed in the stroma. Most chloroplasts contained small starch grains as well as numerous electron dense-free granules, possibly stromal ribosomes.
In cells of the 15-day-old leaf ( Fig. 6 ), chloroplasts were more elongated and had an average size of 5 to 6 ,u. The stroma showed marked electron density and the lamellar system was well organized. The number of thylakoid per grana was increased; such increase can be an indication of a high photosynthetic activity at this stage. Some chloroplasts showed a lamellar system not organized in grana and lying parallel to the long axis of the organelle. Chloroplasts from leaves harvested after 12 hr in light showed big, lens-shaped starch grains.
The cytoplasm of senescing leaves (Fig. 7) showed reduction to a very thin layer around the periphery of the cell, contained fewer and less organized organelles, and was highly vesiculated. The chloroplasts exhibited strong electron density and were more closely packed with membranes than in earlier stages of development, thus making the resolution of the lamellar system very difficult. Still some grana structure was evident, but with apparently thinner membranes. Ribosomal particles were not evident in the stroma. The average size and number of the osmophilic globules increased. Starch grains were large and numerous. In some senescing chloroplasts, anomalous electron opaque areas were found in the stroma (Fig. 8) . These areas could have been produced by the action of hydrolytic enzymes (15 (Fig. 4) .
The decline in the rate of cyclic photophosphorylation with leaf or plant age (24) (27) , the thinning of membrane in older chloroplasts could be the consequence of the reduction in chlorophyll and protein content of the membranes. Such membranes would also be functionally defective (12) . This suggests that the decline in photosynthetic performance of chloroplasts is not only the result of changes in the soluble enzyme fraction, but reflects also a decline in the synthetic performance of the membrane-bound ATP synthesizing system.
It has been reported that cyclic photophosphorylation is an important component of photosynthetic ATP production. "Cyclic" ATP synthesis may contribute ATP to CO2 assimilation (2), glucose uptake, acetate uptake, and potassium uptake (25) . Moreover, it can meet the energy requirements of the plastid for nucleic acid synthesis, protein synthesis, lipid synthesis, and other ATP-dependent biosynthetic reactions (17) . The rapid decline in the cyclic photophosphorylation capacity with leaf age and the associated decline in synthetic reactions (5) could contribute to the observed parallel decrease in CO2 assimilation.
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